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¶TÁJÁ\`¹
¤H¦u§V¨©ªJ«ªJ¬®­ `  bpjodcfgkX!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e (
sVmaXy`a`gaSVXXSVb ro~modM`aif`jgkXWxodzHgamkod´Xmk`ÀDb´oDÃr´zt0`jgkmacxgacVmaXyvstmkod~mkbdW3WYr´zthr´zVxcVvtrztwsbm,b´X (
´r`WuXgjÃ/XXz`cVuxodWYso~ztXzHg,`¹nRTStXi9bmkXhVb~`Xyv=odz!q!Xbdi3VztrgaX0`gkbDgkXJW=b~x,StrzVXhr´z~gkXmkstmkXgkbgar´odz¼¹
RTSVX\¡V¨±¡t²¡t³3xo~W3sVr´XmTxbdz=dXzVXm,bDgaXhoDÃ ´X~XMxofvfXhbd`aXv=o~z=gjÃobgaXmkzVbgar´dX"mkXstmkX`aXzHg,bDgar´odz`
½o~mTgaStXwcVzVvfXmk´iHr´zt=`gkbDgkXw`sVb~xX~¹
RTStX/Vm,`g	o~ztXr`FbzrWYst´r´xrgÆmkXsVmaXy`Xz~g,bDgkro~zwÃStr´x,ScV`aX`	maXdr`jgkXm,`¼gko\`gao~maXT`gkbDgkXDbdmarbt´X`	bzv
uood´XbdzXy¿~cbDgar´odz=`aif`jgkXW=`FgaoxodWYstcfgkXTgaStXhodcfgkstcfgbdzVv3ztXegÇ`gkbDgkXT½ctzVxgar´odz¼¹nRTStXh`aXxodzVvodzVXr´`
bdz Xefstrxrg"mkXstmkX`aXzHgkbgar´odz9ÃSVr´x,S'XzctWYXm,bDgkX`/gkStXw`jg,bDgaX`asVb~xX\o	gaStXq!Xyb´i9W=bdx,Str´ztXd¹Jz gaSVr´`
XefstrxrgFmaXstmaXy`XzHgkbDgkro~z¼ÀDxbd´XvmaXybdxgkr~X/bdcfgao~W=bDgao~z¼ÀDb"gkmkbdzV`argkro~zW=bDg,x,StX`F`aXdXmkbddgkmkbdzV`argkro~zV`8od
gkStXhxodmkmaXy`suodzVvtrzt7$!#
88
!q!XbdiW=bdx,Str´ztX"iYb´oDÃr´ztbd`ÆrztsVcfgsVbdmgoMgaStXJ´bdXbwsVmaXyvfr´xbDgkX
ÃSVr´x,S9mkXsVmaXy`Xz~g,`Æ`aiHWo~rxbdiYb`aXg/o¼suo~`k`r´t´Xhr´ztstcfgTX~XzHgk`JÄ½ÃrgaS'`r´WYrbmXSVb ro~mkbdtX9MXxgk`,Å¹
ÁJctX/gao0sVbdmkbd´X´r´`aW!ÀygaStXTmkXbdx,Sbt´X`gkbgaX`sbdxXW=b iwdmkoDÃ£dXmki0´bdma~Xd¹	RTStX"¡V¨±¡t²¡V³\dXmkrxb (
gkro~zXzHr´mao~ztWYXzHgsVmaoDrvfX`ÆgjÃo3bststmko~b~x,StX`ÆgaoY`o~~X"gkStX\`gkbgaX0`sbdxXJXefst´o~`aro~z¼ÀxodmkmkX`aso~zVvfr´zt
gko3gaStXbdgkXmkzVbDgkr~XJmkXstmkX`aXzHg,bDgar´odz`/bdoD~Xd¹
RTStX/Vm,`gFo~ztXxo~Wtr´ztX`gkStXmaXybdx,SVbdt´X`gkbDgkX`sVb~xXwÄB`aiWuod´r´xyÅ	xodWYstctgkbDgkro~zbdzVv~XmkruxbDgkro~z
i9o~V`aXmkdXm0:HrghxodmkmaXy`suodzVvV`/xoH`XiÃrgkS gkStX0Vm,`jgT½o~maW odn¡¨±¡t²¡t³9xodWYstr´´Xv'xofvfXd¹
RTStX\`Xyxo~zVvYodztXJxodz`r`jg,`Æod8bxo~zDpjctzVxgar´odz9odxodWYsuo~`argkro~zVbmaXyvfcVxgkro~zV`ÇbdzVv=b`jgkmkb~xgar´odzYi
`ar´dzVbdtStrvfrzVVÀbzVvYr`Çbdstst´rXyv3gaowgkStXh`aXxo~zVvYmkXstmkX`aXzHgkbgar´odz¼¹XJbstst´igaStX\`jgkmao~zt0tr´`ar´WctbDgkro~z
o~z XefstrxrgmaXybdxgar´dX0bcfgkodW=bDg,b Ä b~bdrz<;nq°Xb´i9W=bdx,SVrztXy`/ÃrgkS!`aiWuod´r´xJr´ztstcfg"stmkXvtr´xbDgaXy`kÅ¹nX
Sb dX9vfXVztXv£bÂztXÃb´do~margaSVW3rxYodz xodWYstcfg,bDgkro~z xbd`k`Xy`0gao;b~vtbstggaStr`Vr´`arWctbDgar´odz£o~zgaStX
mkXb~xgkr~X\bdcfgao~WYbgao~z mkXstmkX`aXzHg,bDgar´odz8¹
RTSVX`aXhdXmarxbDgar´odzYgkXx,StzVr´¿HctXy`bdmaXJrWYst´XWYXzHgkXv9r´z9gkStX0`od®gjÃ/bdmaXTgkoHo~´`/ 8¡¢	¡bdzVv¤~¦M§t¨©ªJ«ªJ¬®­
vtXdodgaXyv!maXy`suXxgar´dX´i gao9gkStX3rWYst´r´xrgwbzv!Xefst´r´xrg\VztrgaX3`jg,bDgaXW=bdx,Str´ztXmkXsVmaXy`Xz~g,bDgkro~z¼¹" 8¡¢¡
bdzVvÂ¤~¦M§t¨©ªJ«ªJ¬®­Xo~ztYgao=gkStX3¤H¦M§±4=>=³H¨0dXmkrxbgar´odz!sVbdx?DbddX@) ,»¹ 8¡f¢¡!cV`aX`BA>CDCDE/gao9mkX(
sVmaXy`Xz~g0gkStXYrWYst´r´xrg3`jg,bDgaX=`asVbdxXdÀ8bdzVvb`oÂ¤~¦M§t¨©ªJ«ªJ¬®­£gko°maXstmaXy`XzHg0bdzVv;o~sXmkbgaXYodzr´ztstcfg
gkmkbdzV`argkro~z buXstmkXvtr´xbDgaXy`¹
X"stmkX`aXzHgÇbdz=¡¨±¡t²¡t³XzVxofvfrzVwoMgaStXJxX´XVmkbgaXv=µHgkXbdW!( ¶/odr´Xmnstmkodt´XWF)Z,Mbd`Æb0zVodzYgamkr´Hrb
mkctztzVrzt;XetbWYst´Xd¹HG z µXyxgkro~z ZdÀFÃX vfX`kxmkruX=gkStX~XmkrxbDgkro~zgkXx,StzVr´¿HctXy`¹HG z µXyxgkro~z¥fÀ	ÃX
r´zHgamkofvfcVxXgaSVXµHgaXybW¾¶/odr´´XmµsuXxrxbDgar´odz8¹IG z£µXxgar´odz}'ÃX=vfXy`axmar´XgaSVX¡V¨±¡t²¡V³'XzVxovtrzt
bdzVv!r´z;µXxgar´odzH+VÀÃXx,StXx? stmao~sXmgkrXy`ÃrgaS°gkStXStXsÂodnodctmgkood`¹TXxo~zVx´cVvfXr´z;µXyxgar´odz;
ÃrgaS!suo~`k`r´t´X\½cfgactmkXwÃ/odm?u¹
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G zÂgaStr`hWYofvfX Àb9`gkbgaXodngaStXVztrgaX3`jg,bDgaXW=bdx,Str´ztXr`JvtXVztXyvÂbd`Jb9Db´cVbgar´odz°oÆuood´XbdzÂ`jg,bDgaX
Dbdmarbt´X`=Ä xbd´Xvb`ao°maXdr`jgkXm,`0odmwbDgkx,SVX`,Å¹!R8Ã/o°dXyxgao~mk`0od/uood´Xbdz½cVzVxgkro~zV`xodWYstcfgkX=gaStX
zVXegJ`gkbDgkXDbmkr´bdt´X`Db´cVbgar´odz°bzVv'gkStXo~cfgasVcfgJuood´Xbz!Dbmkrbt´X`DbdcVbgar´odz!½mkodW·gaStX3xctmkmaXzHg
`gkbgaXJ bdmarbVXy`ÆDb´cVbDgkro~z9bzVvbz9r´ztstcfgTDbmkr´bdt´X`ÆDbdcVbgar´odz¼¹FRTStr`/W3ofvfXzVXXv9ztog/X0b Ã/bdmaXod
gkStXwmkXbdx,Sbt´X\`gkbgaXw`asVbdxX\od8gkStXwctzVvfXma´irzV=q°Xb´i=VzVrgkX`jg,bDgaXwW=b~x,StrzVXd¹
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RTSVX3bd`ar´xr´vtXb'XStr´zVvBAod`Xma~Xm,`Cr`\gao!cV`aXgkStXYmaXybdxgar´dXsbm,bdvfr´dW<rgk`aXÇ½o~mwdXmkrxbgar´odzÂi
Vctrvfr´zt;bÂxodWYsuo~`aXv`if`gaXW¾½mkodW gaStXstmao~dm,bW¾bdzVv£bz bdcfefr´rbmkiÂodztX br´W3Xyv£bDgx,SVXx?rzV!b
~r~Xz stmao~sXmgji~¹
Reactive Program Observer
Fail
Success
D	r~ctmaXYZ ;FEnXmkrxbDgkro~zio~V`Xma~Xm
JV`aXmkdXmk`wbdmaX=mkXb~xgkr~X=stmao~dm,bW=`w`aXgr´z sVbdmkbd´XÆÃrgaS gaStX9sVmao~dm,bW gkoÂuXbzVbdif`aXvÀFbzv
r´zHgaXmkb~xgar´zt'ÃrgkSrg¹=RTStXiÂW=b i°XWYrgwb~vtvfrgar´odzVbdÆ`cxxXy`a`HGyBbdr´ctmkX`ar~zVb`h½odmvfrb~zto~`garx`¹YJ (
`aXmkdXmk`JW=b i°gaXy`jg`ar~zVb`\½mkodW<gkStXYstmao~dm,bW<tctgb`o!`r´WcV´bgaX3gaStX=sVmao~dm,bW XzrmkodzVW3XzHg\i
½XXvfr´zt!`r´dzb`gao gaSVXstmkod~mkbdW!À~ctr´vtrzt rg0gko vfXy`r´maXyvÂxo~zfV~ctmkbgar´odzV`¹wµogkStX3odV`aXmkdXmhsVbdmkb (
vtr~W5xbdz=XJ`XXz=bd`ÆbdXzVXm,b´r´`aXv:A`aiWuod´r´x/gkX`gar´ztICstmkofxXvtctmaXy`ÀdÃStXmkX"b´Vsuo~`k`r´t´XTgaXy`jg,`ÆÃr´
uXhxodzVvfcxgaXyv=`r´WcVg,bztXodcV`airz9b0mkXb~x,SVbVX`gkbDgkXh`asVbdxX"`Xybm,x,S¼¹¹FµX~Xm,bto~V`aXmkdXm,`Fxbdz=Xh`aXg
r´zsVbm,b´XÃrgaSgkStX=`abdW3X3W=br´zWYofvfct´X°Ä½rgkStXivfodz gwrzHgkXma½XmkXyÅ¹IG ztstcfgbdzVv;o~cfgasVcfg`r´dzVbd´`
½mkodW gkStX3xodzHgamkod´´XmJxbzX3W=bdvfXrzHgaXmazbgao gaStX3d´odVbdsVmao~dm,bW gko'b ~odrv!rzHgkXma½XmkXzVxX½mkodW
gkStXwsuogaXzHgarb´i9mkXW=bdrztr´ztYXzr´mao~ztWYXzHg¹
J`Xma~Xm,`wVbd`aXv dXmkrxbgar´odz£mkXvfcVxX``ab½Xgjistmkodt´XW=`gao;mkXb~x,SVbVr´rgjiohbxo~zfVdcVmkbgar´odz£r´z
gkStXwstmkofvfcVxgW=bdx,SVrztX~ÀtbzVvgaScV`"Xybdvt`/rgk`aXF¿HctrgaXwztrxXi9gao=r´W3sVrxrg"maXstmkX`aXzHgkbgar´odz=gkmaXybDgaWYXz~g
bd`aXv3odz9¶TÁ\Á `aiHWo~rxWYXgkStofvt`¹Fµo~WYX"r´dXztX`k`nstmkodsuXmagar´X`Çxbz=bd´`aowXhdXmkrVXv3i3vtXgaXyxgkro~z
od	r´zfVzVrgkX`Xy¿~cVXzVxXwoFXSVb ro~ctmk`ÀÄBbdzVv gaScV`r´zÂbVztrgaX`gkbgaX`ai`gaXW!Àfoods`kÅTvfcVmar´ztYÃStrx,S!b
`ar´dzVbdur`ztodgXdXzHgacVbd´i9XWYrggkXv¹
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Dr´dcVmaX;nRTStX ¡¢¡ dm,bstSVr´xbMrzHgkXmaBbdxX
lÆmao~sXmgkrXy`8bmkXÆXesVmaXy`a`aXv0bd`8WYovtctXy`8r´zbhstmao~dm,bWYWYrzV/o~sXmkbgar´odzVbdd`gjiH´XdÀDbdzVv`aoVÀygaStr`dXmkrxb (
gkro~z3gaXx,SVztr´¿HctXhr´`nSVodWYod~XztXodcV`ÀodsVsoH`rgaXTgkoWYovtXVx,StXyx?rztwÃSVr´x,SYr´z~gkmaofvfcxX`ÆXegam,b\gaXW3suodm,b
´od~r´xh`izHgkbeM¹nlnmkod~mkbdW=`Æxbdzb`oX\`izHgaSVXgar Xyv=½mkodW`asXyxrx"gkXWYsuodm,bV´od~r´x`JÄBVbd`aXv9odz9sVb~`jg
o~sXmkbgao~mk`,Å¹
	
  08+F' @ +  #%+  +
º@q!XbdiWYb~x,Str´ztX r´`vfXztXv3½mkodW b\VztrgaX\`jg,bDgaX"`aXg	Àbz=r´ztrgarb`gkbgaX
	bzVv3gjÃ/ob´stSVbdXgk`
JÀ¼bdzVv{Ä½gaStXYr´ztstcfgbzvÂodctgastcfgbdstSbuXgk`,ÅÀ¼bdzVv;xodWYstcfgkX`JgjÃ/o sVbdmgkr´bd8½cVzVxgkro~zV`À¼gaStXYztXeHg
`gkbgaX½ctzVxgkro~z ÀÆbzv£gaSVX o~cfgastctg½ctzxgar´odz¹)DVodm3WYodmkX
r´zf½o~maW=bDgkro~z¼ÀfmkX½Xm/gkoH) 6,Ô¹
µfiHzx,Stmao~ztodc`0maXybdxgkr~X9`if`gaXWY`bmkX=Vbd`aXvo~z£vfXgkXmkW3r´ztr`jgkr´x bzVv£xodWYst´XgkX=VztrgaX'`jg,bDgaX'q!Xbdi
W=b~x,StrzVX`Ær´zHgaXmastmkXg,bDgkro~z¼¹RTSVbgr`Ægko`kb i À~½odm/b´! "$#% &(')#%*+*#,&.-0/1/324 5678/aÀrg/Xefr`jg,`ÆodzVi3odztX
 9";:<#,=>')#?**#1=$@A/324 5BCD8/kÀV`cx,SgkSVbDg3E 9"$#,&0')#?**#,&F-G/IHJ";:¼bdzVvK 9"$#,&0')#?**#,&F-G/IHL =>';#?**+#,=M@N/
G z odctmmaXstmaXy`XzHgkbDgkro~zogaSVX'q!Xyb´iW=bdx,SVrztX~Ànxb´´Xv£mkXb~xgar´dX9bdcfgao~W=bDgao~z¼Ànb°gkmkbdzV`rgar´odz£W=b i
`gkbdzVv½odm"`aXdXmkbdugam,bzV`argkro~zV`/½mkodWgkStX7! 
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 #1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 SVXmkX
 5r´`bVztrgaX`aXg"od	`gkbgaX`¹
 "  r`TgaSVXwrztrgarb¼`gkbgaX~¹
  r`b3VztrgaX`aXgod	r´ztstcfgh`ar´dzVbdzVbWYX`¹
 £r´`bVzVrgkX`XgoFodcfgkstcfgh`ar~zVbMzVbdW3Xy`¹
 0r´`gaStX0gkmkbdzV`rgar´odz'mkXbDgar´odz8À  "!#$%. / &!#'%F  / &ÃrgkS
 !#$%. /0r´`gaSVX `aXgYo"stmkXvfrxbgaXy`odz X´XWYXzHgk`½mkodW gaStX!`aXg7J¹ DVodmxodzdXztr´XzVxX
Ã/X `aSVbd/odzt´i£vfXbdTÃrgkS stmkodsuo~`argkro~zVboo~Xybz£½o~maWct´b~`mkXstmkX`aXzHgkXv b~``actW=`od
sVmaofvfcVxgk`ohsuo~`argar´dX bdzVv£ztX~bgar´dX9´rgkXm,b`¹"X~bgar´dX´rgaXm,b`3bmkX9r´vtXzHgarVXv ib
( stmkXVe7r´zV`gaXb~v7gaStXxbd`k`rxbd"Vbdmodz¯gkods¼¹ µiW3WYXgamkr´xb´i7soH`rgar´dX;rgaXmkbd´` bmkX
rvfXz~gkrXv=i=b*)'stmkXte¹FDto~mÇr´zV`gkbzxXV~ctmkXh}mkXstmkX`aXzHg,`Fgam,bzV`argar´odzV`Æ½mao~W b3q!Xbdi
W=b~x,StrzVX0bdzVvgaStXwmkX`asXyxgkr~XJgkmkbdzV`argkro~z½mkodW·bYxodmkmaXy`suodzVvtrzt3mkXbdxgar´dX0bcfgkodW=bDgkodz¼¹
 !#'%. <3/Çr´`/gkStX`aXgo	gaStXw`actV`aXg,`ToÇ¹+!#'%F  /xodWYstmkr´`aX`gaSVXwXWYsfgji `aXgztodgarxXyv
, - ÄBztoYHr`art´Xbdxgar´odzÅ¹
 `kbDgkr´`VXy`"gkStX½o~´oDÃrzVxo~zVvfrgar´odz4;"/.0103254760325896 ";:2:*;=<>$%@?BA 8DC0D29896FE ':GHH JIKF$
ºmaXybdxgar´dXbctgaodW=bgaodz°r`hxodWYst´XgkXrÇbzVv!o~zti'rn½odmJbdF`gkbDgkX`ÀtgkStXvfr`BpjodzVxgar´odzÂodFr´ztstctg\stmkX(
vtr´xbDgaXy`To	odz!odcfgkdo~rztgam,bz`rgar´odzV`/r`X¿HcVbdMgaoL-M$~¹
º·maXybdxgar´dXbdcfgao~WYbgao~z£r´`vfXgkXmkW3r´ztr`jgkr´xrh½odmbd/sVbdrmogam,bz`rgar´odzV`Xyb rztÂgaStX'`abdW3X `jg,bDgaX
Ãr´iS'vtr 9MXmkXzHg"odctgastcfg"sbmagÀgaSVXwrztsVcfg"sVbmag"ogaStX0gkmkbdzV`argkro~zV`bmkX\vtr´`Bpjodr´zHg¹
]"Xbdxgar´dXwbctgaodW=bgkbdXzVXm,bDgaXyv=½mkodW ¡V¨±¡t²¡V³YXzVxofvfrzV~`bmkX0vfXgkXmkW3r´ztr`jgkr´xwbdzVv'xodWYst´XgkXd¹
	
ON P Q !' 3
º/gDr´m,`jgyÀVXbd`k`cVW3XxodWYsuo~`argkro~z'odÆbcfgkodW=bDg,bYmaXyvfcVxXyv!bzVv GDodmÃrgaS;`ar´dzVbd´`TStrvtvfXz;`gkb i bd (
ÃTb if`b~xifx´rx¹nRTStr`xbz'uX\Hbm,bzHgaXXhr´z'bYxbcV`kb´rgji=bdzVb´if`r`/o8gkStXwxo~mamkX`aso~zVvfr´ztWYofvfct´X``aXg
r´z!sVbm,b´´X»À~½mkodWbz'rzHgaXmaWYXyvfr´bgaXwXy¿~cbDgar´odzbu½odmkW=bDgoÆ¡V¨±M¡V²¡t³t¹
RTSVr´`dXmarxbgar´odz3gaXyx,Stztr¿HctX"g,b?dXy`Çb~vfDbzHgkbddXogkStXhWYofvfctbm/`jgkmacxgacVmaX"od¡V¨±M¡V²¡t³XzVxovtrztH`¹
GÔgwxo~zV`ar´`gk`JongkStXYmaXyvfcVxgkro~zÂoÇgaStX3maXybdxgar´dXbdcfgao~WYbgao~z;bd`k`ofxr´bgaXv'gko Xybdx,S¡¨±¡t²¡t³ sVbdmkbd´X
JLK J8JNM
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?I0.?I1.?I2/O
?I0.#I1.?I2/O
#I0.?I1.?I2/O
#I0.#I1.?I2/O
+#I0.?I1.?I2
+?I0.#I1.?I2
+?I0.?I1.?I2/O
  #I0.#I1.?I2
?I2/O
D	r´dctmkXÇ} ;Mgam,bzV`argkro~zV`M½mkodW@gjÃoJ`jg,bDgaXy`¼odfbJq!Xbdi\W=bdx,Str´ztXÇbdzVv\½mao~W gkStXxodmkmaXy`suodzvfrzV/mkXb~xgkr~X
bdcfgao~W=bDgao~z `gkbgaX`
`acttWYofvfct´X\ÃrgkS9gaSVXJStXs obsVbmagarxcV´bdmÇmkXvfcVxgar´odz¼ÀH½o~´oDÃXyvYi9xodWYstctgkbDgkro~z9o8gaStX0`izVx,SVmao'(
zVodcV`JstmkovtcVxg\oÆWYrzVrWYr`XyvÂbcfgkodW=bDg,bt¹JXYxbdz°Str´vtX3`ar~zVb`"zVogJmkX´XDbdz~ghgao gaStXstmao~sXmgji gao
x,SVXx?M¹ º®gkXmkÃ/bdmkvt`ÀÆÃ/X'xbz¥XrgaStXm3r`cb´r´`aX9gkStX!maXy`ctgar´ztbcfgkodW=bDgkodz ÃrgaS¥gaSVX'SVX´s oJgaStX
3 -±4= 18² 3 !gkoHo~ Ào~mTbdstst´irzt½ctmagaStXmTdXmkrxbgar´odz=gkXx,Stztr¿HctX`To~mXdXzod`XmaDbDgkro~z9odz!bd`/vfXy` (
xmar´uXv stmaXro~cV`´id¹
RTSVXÆX¿Hctr´Db´XzVxXÇmkXbDgar´odz0Ã/XÇ`aSVb´HxodzV`arvfXm¼Ãr´´~uXÆgkStX`gamkodztVr´`arWctbDgar´odzwo~zq!Xyb´iJW=bdx,SVrztXy`¹
ÁJctXgko0gaStX"`aiWuod´r´xTr´ztstctgÇsVbmagk`ÆodzYrzVstcfg`ar~zVb`ÀDgaStXJvfXVzVrgkro~z3uXxodWYX`Çb0trgW3o~maXTr´zdod´dXyv
ÃSVXzÂbsVstr´Xv°gao9mkXb~xgar´dXbdcfgao~W=bDgkb ;/b=gam,bzV`argkro~z°maXyxoD~Xm,`zVoDÃ b`XgJonsuo~`k`r´t´XuXSVb r´odctm,`À
bdzVvgaStXwuXSVb r´odctm,bMW=bDg,x,Str´ztYWYb istmaXy`Xma~XJ`aXg,`ogam,bzV`argkro~zV`¹
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,
8Xg
	HB  #,3#5 #," )# /nXb3mkXb~xgar´dX0bctgaodW=bgaodz8¹
RTSVX0`aiW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